Mendel's demon  by unknown
Look on the shelves of any
evolutionary biologist or student of
the subject and you are likely to see
a textbook by Mark Ridley. But
Ridley, formerly at Emory University
in Atlanta, and now in Oxford, has
had another book in his mind for
quite some time. He believes there
are some ideas sparked by the
Austrian monk, Gregor Mendel, that
are of broader interest and has set
out to explore some of them in a new
book already published in the UK
and shortly to appear in the US.
Ridley’s key question is how did
complex, multicellular life come
about. Why isn’t life all simple? The
Earth teems with single-celled life
which occupies a stunning array of
niches from deep-sea vents to
mountain glaciers. Estimates suggest
that single-celled life forms such as
bacteria together contain about the
same amount of carbon tied up in
living organisms as all of the plants
on the Earth today.
With small genomes, they have
been able to develop error repair
mechanisms to combat mutations
and maintain the information in their
genomes. And with largely clonal
reproduction, genetic information
can be transferred straightforwardly
to subsequent generations. Complex
life, in contrast, involves organisms of
increasing size and larger genomes
which stretch the abilities of error
repair mechanisms to spot and repair
mutations. In addition, sexual
reproduction leads to only half of any
individual’s genes being passed on to
any particular offspring.
What had not been known until
recently is the sheer number of
mutations that occur. A human being
makes 200 or so copying mistakes
every time he or she breeds, says
Ridley. This is a big number, making
it something of a mystery how we
can cope. “If that number of
mutations are introduced each
generation, a similar number must
somehow be purged. Otherwise our
genes would be steadily randomised
over time by mutation, and a random
set of genes can no more code for a
living creature than a random set of
letters can code for a Shakespeare
play,” he says.
Mendel’s demon is a randomising
demon who breaks down the
information that a gene would
need in order to benefit from acts
of selfish destruction
This revelation has suggested one
possibly important function of sex in
complex organisms: the removal of
bad genes. This theory has been
developed largely by Alexey
Kondrashov. John Maynard Smith
has described an analogy: imagine
you take broken-down cars of the
same make, one immobilized by a
faulty ignition system and the other
with broken brakes. By swapping
parts it is possible to build a working
vehicle but the other will be doubly
defective. “So by sexual motor
mechanics it may be possible to
create from from two defective cars
both a runner and a wreck, which is
one way around the mutation
problem”, says Ridley.
But sex raises a major problem
with the halving of gene numbers.
Any gene which can gain greater
representation in offspring than the
average 50% is likely to be favoured
by natural selection. Ridley looks at
examples of such ‘lawbreaker`’ genes
which have done just that along with
speculation about what other selfish
strategies might be possible.
Following the pioneering work of
W.D. Hamilton, many workers have
looked at real and theoretical
examples. Complex life looks
precarious in the face of the potential
onslaught by such selfish genes. 
But the remarkable thing, notes
Ridley, is that cheats have not
thrived — complex life attests to the
extraordinary ability of genes to
collaborate and build organisms of all
sorts of function and size. Ridley
reviews work on how cheats might
operate, pointing out the key
common need: information. Gene
cheats need collaborators and they
need to know if their potential
collaborators are in the genome they
find themselves in: the key to
successful conspiracy is information.
Mendel’s work reveals how that
information is denied.
The book’s title alludes to
Maxwell’s demon, an imaginary
being devised by James Clerk
Maxwell, who uses information to
distort the normal processes of
thermodynamics to make a lawful
but very unlikely order. Ridley’s
version names the processes that
remove information and help
maintain genetic complexity in the
face of any threats to degrade it in
pursuit of selfish ends.
Based on studies of several
contrasting characteristics of peas
grown in experiments at his
monastery at Brno, formerly in
Austria but now in the Czech
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Mendel’s demon
Evolutionary biologist Mark Ridley believes that there is more to the
Austrian monk’s insights on heredity than current thinking might
suggest. Nigel Williams reports.
Republic, Mendel’s first insight was
that attributes of an individual are
controlled by pairs of hereditary
factors. When the individual comes
to reproduce each pair of genes
divides and one from each pair goes
into any one gamete. This came to
be known as Mendel’s first law:
segregation. His second key insight
was that genes controlling different
features are inherited independently
in offspring: the law of independent
assortment. These two key insights
reveal how any single gene is denied
absolute information about which
offspring it may end up in and which
other genes it may find alongside.
“Mendel’s demon is a randomising
demon who breaks down the
information that a gene would need
in order to benefit from acts of
selfish destruction,” says Ridley. 
And the tool for these processes
was found to be meiosis — “a dance
of death” as Ridley describes it as
individual genes are selected or
rejected to enter each gamete.
“Meiosis, gene transfer and
gender are all connected. They form
the basic set-up of Mendelian
reproduction. Almost all the genes of
complex life forms are inherited in a
Mendelian manner,”says Ridley.
Mendel’s demon, the mechanism to
ensure fair inheritance and deny
potential conspirator genes their
collaborators, is the “great
breakthrough in the rise of complex
life on Earth,” he believes. Other
anti-error devices had evolved before
and after the demon — devices such
as repair enzymes and mate choice.
But the pre-demonic devices took
life only as far as bacteria. Mendel’s
demon itself is the key to the
creation of complex life on Earth.
“Moreover the same system works
against both the actively harmful
lawbreaking genes and the passively
harmful copying errors,” he says.
Mendelian justice can be
compared to the theory of human
justice by John Rawls in his book A
Theory of Justice. Rawls argues that
human beings will choose justice if
they are operating behind a “veil of
ignorance”. They will tend to behave
more fairly if they do not know the
outcome of an event. A simple
example is that of dividing a cake. If
the person dividing it does not know
which portion they will be get, there
is greater chance they will divide the
cake evenly.
Complex life has developed a
similar veil of ignorance. Ridley
argues that the shuffling procedure
prevents one gene associating with
another over evolutionary time. “An
individual gene is passed on as a unit
during evolution. Within a body, one
gene cooperates with the other
genes to build, defend and
reproduce the body. If the genes
were not forced by Mendelian
inheritance to be units, they could
become conspirators, and complex
life with its thousands of cooperating
genes would be a science fiction,”
says Ridley.
Ridley believes that Mendel has
not been given full credit for his
biological insights. “Almost no one
was thinking about probabilistic
inheritance until 50 years after
Mendel,” says Ridley.
Ridley notes that one of
Napoleon’s most significant battles
early in the nineteenth century took
place at Austerlitz, close to Brno,
the site of Mendel’s monastery.
“The battle is well known to
historians and readers of Tolstoy, but
I doubt whether our lives would be
all that different if the battle had not
been fought,” says Ridley. The real
claim of Brno to a place in history
lies in events 50 years later, when
Gregor Mendel began to grow peas
in the monastic garden there, he
says. “Those peas flowered at one of
the great moments, or turning
points, of history: they revealed to
Mendel the principles of heredity
and led to genetics, to Watson and
Crick, the human genome project,
and all modern and future gene
technology.”
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Mendel’s champion: Evolutionary biologist
Mark Ridley believes that Mendel’s place in
the history of biological ideas needs
upgrading. Mendel’s demon “is the greatest
breakthrough in the rise of complex life on
Earth”.
